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Since particles such as molecules, atoms and nuclei are com-
posite particles, it is important to recognize that physics must
be invariant for the composite particles and their constituent
particles, this requirement is called particle invariance in
this paper. But difficulties arise immediately because for
fermion we use the Dirac equation, for meson we use the
Klein-Gordon equation and for classical particle we use the
Newtonian mechanics, while the connections between these
equations are quite indirect. Thus if the particle invariance
is hold in physics, i.e., only one physical formalism exists for
any particle, we can expect to find out the differences between
these equations by employing the particle invariance. As the
results, several new relationships between them are found,
the most important result is that the obstacles that cluttered
the path from classical mechanics to quantum mechanics
are found, it becomes possible to derive the Schrodinger
equation from the Newtonian mechanics after the obstacles
are removed. A improved model is proposed to gain a better
understanding on elementary particle interactions. This
approach offers enormous advantages, not only for giving
the first physically reasonable interpretation of quantum
mechanics, but also for improving the quark model.
PACS numbers: 11.30.Ly, 12.90.+b, 03.65.Ta.
1 Introduction
Without doubt, most particles can be regarded as com-
posite particles, such as molecules composed of atoms,
atoms composed of electrons and nuclei, nuclei com-
posed of nucleons, so on, it is important to recognize
that physics must be invariant for the composite parti-
cles and their constituent particles, this requirement is
called particle invariance in this paper. But diculties
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arise immediately because for fermion we use the Dirac
equation, for meson we use the Klein-Gordon equation
and for classical particle we use the Newtonian mechan-
ics, while the connections between these equations are
quite indirect. Thus if the particle invariance is hold
in physics, i.e., only one physical formalism exists for
any particle, we can expect to nd out the dierences
between these equations by employing the particle in-
variance, using this approach is one of the aims of this
paper, consequently, several new relationships between
them are found, the most important result is that the
obstacles that cluttered the path from classical mechan-
ics to quantum mechanics are found, it becomes possible
to derive the Schrodinger equation from the Newtonian
mechanics after the obstacles are removed.
A quark model of hadrons has been proposed in which
mesons are bound states of quarks and antiquarks, and
baryons are bound states of three quarks. Detailed cal-
culation based on the quark model of hadrons have been
rather successful in accounting for the properties such as
magnetic moments and the interactions of hadrons. So
far we lack the evidence of the experimental detection
of free quarks. Under the particle invariance, our im-
provement on the quark model starts with introducing a
new elementary particle called Dollon to resemble parti-
cles such as baryons, mesons or other composite particles,
the another aim of this paper is just to discuss the Dol-
lon model, instead of quark model, the Dollon model is
better in organizing known data, specially in modelling
interactions.
Next aim is just to discuss those interactions between
particles based on the Dollon model under the particle
invariance, several formulae of interactions are derived
and discussed. It is found that the gravitational force and
Coulomb’s force on a particle always act in the direction
orthogonal to the 4-vector velocity of the particle in 4-
dimensional space-time, rather than along the line joining
a couple of particles, this inference is obviously supported
from the fact that the magnitude of the 4-vector velocity
is kept constant. Further, the Maxwell’s equations can
be derived from the classical Coulomb’s force and the
magnitude formula of 4-vector velocity of particle.
1
2 Fermions and Bosons
Fermions satisfy Fermi-Dirac statistics, Bosons satisfy
Bose-Einstein statistics, there is a connection between
the spin of a particle and the statistics. It is clear that
the spin is a key concept for particle physics. In this sec-
tion we shall show that the spin of a particle is one of
consequences of the particle invariance.
According to the Newtonian mechanics, in a hydro-
gen atom, the single electron revolves in an orbit about
the nucleus, its motion can be described with its po-
sition in an inertial Cartesian coordinate system S :
(x1; x2; x3; x4 = ict). As the time elapses, the electron
draws a spiral path (or orbit), as shown in FIG.1(a) in
imagination.
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Figure 1: The motion of the electron of hydrogen atom
in 4-dimensional space-time.
If the reference frame S rotates through an angle about
the x2-axis in FIG.1(a), becomes a new reference frame
S0 (there will be a Lorentz transformation linking the
frames S and S0), then in the frame S0, the spiral path
of the electron tilts with respect to the x04-axis with the
angle as shown in FIG.1(b). At one moment, for example,
t04 = t0 moment, the spiral path pierces many points at
the plane t04 = t0 , for example, the points labeled a, b and
c in FIG.1(b), these points indicate that the electron can
appear at many points at the time t0, in agreement with
the concept of the probability in quantum mechanics.
This situation gives us a hint to approach quantum wave
nature from the Newtonian mechanics.
Because the electron pierces the plane t04 = t0 with 4-
vector velocity u, at every pierced point we can label a
local 4-vector velocity . The pierced points may be nu-
merous if the path winds up itself into a cell about the
nucleus (due to a nonlinear eect in a sense), then the
4-vector velocities at the pierced points form a 4-vector
velocity eld. It is noted that the observation plane se-
lected for the piercing can be taken at an arbitrary ori-
entation, so the 4-vector velocity eld may be expressed
in general as u(x1; x2; x3; x4), i.e. the velocity u is of a
function of position.
At every point in the reference frame S0 the electron





the notations consist with the convention[1]. Since the
Cartesian coordinate system is a frame of reference whose
axes are orthogonal to one another, there is no distinction
between covariant and contravariant components, only
subscripts need be used. Here and below, summation
over twice repeated indices is implied in all case, Greek
indices will take on the values 1,2,3,4, and regarding the
mass m as a constant. As mentioned above, the 4-vector










qFµνuν = quν(@µAν − @νAµ) (3)
Substituting them back into Eq.(1), and re-arranging
these terms, we obtain
uν@ν(muµ + qAµ) = uν@µ(qAν)
= uν@µ(muν + qAν)− uν@µ(muν)
= uν@µ(muν + qAν)− 12@µ(muνuν)
= uν@µ(muν + qAν)− 12@µ(−mc
2)
= uν@µ(muν + qAν) (4)
Using the notation
Kµν = @µ(muν + qAν)− @ν(muµ + qAµ) (5)
Eq.(4) is given by
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uνKµν = 0 (6)
Because Kµν contains the variables @µuν , @µAν , @νuµ
and @νAµ which are independent from uν, then a solution
satisfying Eq.(6) is of
Kµν = 0 (7)
@µ(muν + qAν) = @ν(muµ + qAµ) (8)
The above equation allows us to introduce a potential
function  in mathematics, further set  = −ih ln , we
obtain a very important equation
(muµ + qAµ) = −ih@µ (9)
where  representing the wave nature may be a complex
mathematical function, its physical meanings will be de-
termined from experiments after the introduction of the
Planck’s constant h.
Multiplying the two sides of the following magnitude
formula of 4-vector velocity of particle by  
−m2c2 = m2uµuµ (10)
which is valid at every point in the 4-vector velocity eld,
and using Eq.(9), we obtain
−m2c2 = muµ(−ih@µ − qAµ) 
= (−ih@µ − qAµ)(muµ )− [−ih @µ(muµ)]
= (−ih@µ − qAµ)(−ih@µ − qAµ) 
−[−ih @µ(muµ)] (11)
According to the continuity condition for the electron
motion
@µ(muµ) = 0 (12)
we have
−m2c2 = (−ih@µ − qAµ)(−ih@µ − qAµ) (13)
It is known as the Klein-Gordon equation.
On the condition of non-relativity, the Schrodinger
equation can be derived from the Klein-Gordon equation
[3](P.469).
However, we must admit that we are careless when
we use the continuity condition Eq.(12), because, from
Eq.(9) we obtain
@µ(muµ) = @µ(−ih@µ ln − qAµ) = −ih@µ@µ ln (14)
where we have used the Lorentz gauge condition. Thus
from Eq.(10) to Eq.(11) we obtain
−m2c2 = (−ih@µ − qAµ)(−ih@µ − qAµ) 
+h2 @µ@µ ln (15)
This is of a complete wave equation for describing the
motion of the electron accurately. The Klein-Gordon
equation is a linear equation so that the principle of su-
perposition remains valid, however with the addition of
the last term of Eq.(15), Eq.(15) turns to display chaos.
In the following we shall show the Dirac equation from
Eq.(9) and Eq.(10). From Eq.(9), the wave function can
be given in integral form by
 = −ih ln =
∫ x
x0
(muµ + qAµ)dxµ +  (16)
where  is an integral constant, x0 and x are the initial
and nal points of the integral with an arbitrary integral
path. Since the Maxwell’s equations are gauge invari-
ant, Eq.(9) should preserve invariant form under a gauge
transformation specied by
A0µ = Aµ + @µ;  
′   (17)
where  is an arbitrary function. Then Eq.(16) under



























The situation in which a wave function can be changed in
a certain way without leading to any observable eects
is precisely what is entailed by a symmetry or invari-
ant principle in quantum mechanics. Here we emphasize
that the invariance of velocity eld is hold for the gauge
transformation.
Suppose there is a family of wave functions  (j); j =
1; 2; 3; :::; N; which correspond to the same velocity eld
denoted by Pµ = muµ, they are distinguishable from
their dierent phase angles  as in Eq.(16). Then Eq.(10)
can be given by
0 = PµPµ (j) (j) +m2c2 (j) (j) (19)
Suppose there are matrices aµ which satisfy
aνljaµjk + aµljaνjk = 2µνlk (20)
then Eq.(19) can be rewritten as
0 = aµkjaµjkPµ (k)Pµ (k)
+(aνljaµjk + aµljaνjk)Pν (l)Pµ (k)jνµ,whenν=µ,l6=k
3
+mc (j)mc (j)
= [aνljPν (l) + iljmc (l)][aµjkPµ (k) − ijkmc (k)]
(21)
Where jk is the Kronecker delta function, j; k; l =
1; 2; :::; N . For the above equation there is a special so-
lution given by
[aµjkPµ − ijkmc] (k) = 0 (22)
There are many solutions for aµ which satisfy Eq.(20),
we select a set of aµ as
N = 4; aµ = γµ ( = 1; 2; 3; 4) (23)
γn = −in (n = 1; 2; 3); γ4 =  (24)
where γµ;  and  are the matrices dened in the Dirac
algebra[1](P.557). Substituting them into Eq.(22), we
obtain
[ic(−ih@4−qA4)+cn(−ih@n−qAn)+mc2] = 0 (25)
where  is an one-column matrix about  (k).
Let index s denote velocity eld, then  s(x), whose
four component functions correspond to the same veloc-
ity eld s, may be regarded as the eigenfunction of the
velocity eld s, it may be dierent from the eigenfunction
of energy. Because the velocity eld is an observable in a
physical system, in quantum mechanics we know,  s(x)
constitute a complete basis in which arbitrary function




Obviously, (x) satises Eq.(25). Then Eq.(25) is just
the Dirac equation.
Alternatively, another method to show the Dirac equa-
tion is more traditional: At rst, we show the Dirac equa-
tion of free particle by employing plane waves, we easily
obtain Eq.(25) on the condition of Aµ = 0; Next, adding
electromagnetic eld, plane waves are valid in any nite
small volume with the momentum of Eq.(9) when we re-
gard the eld to be uniform in the volume, so the Dirac
equation Eq.(25) is valid in the volume even if Aµ 6= 0,
plane waves constitute a complete basis in the volume;
Third, the nite small volume can be chosen to locate at
anywhere, then anywhere have the same complete basis,
therefore the Dirac equation Eq.(25) is valid at anywhere.
Of course, on the condition of non-relativity, the
Schrodinger equation can be derived from the Dirac equa-
tion [3](P.479).
By further calculation, the Dirac equation can arrive
at the Klein-Gordon equation with an additional term
which represents the eect of spin, this term is just the
last term of Eq.(15) approximately.
But, do not forget that the Dirac equation is a special
solution of Eq.(21), therefore we believe there are some
quantum eects beyond the Dirac equation.
Eq.(21) originates from the magnitude formula of 4-
vector velocity of particle, the formula is suitable for any
particle, so it satises the particle invariance. The Dirac
equation is regarded as approximate one to Eq.(21), the
approximation brings out many troubles with the spin
concept. From the Dirac equation we can predict that a
composite particle and an its constituent both have their
own spins, but this prediction is not true for mesons be-
cause Pion has zero spin while its constituent quark has
1/2 spin, in other words, due to the approximation the
Dirac equation does not involve some states such as zero
spin state. That is why we want to classify particles
into fermions and mesons by spin and use dierent equa-
tions. If we can nd a precise solution of Eq.(21) instead
of the Dirac equation, then the classication is not nec-
essary. It is noted that Eq.(21) is nonlinear while the
Dirac equation is linear, this indicate that we can never
nd any precise solutions in a linear equation which sat-
isfy Eq.(21). Therefore, for this problem, a good solution
depends on how much precision we can reach.
In one hand, it is rather remarkable that the Klein-
Gordon equation and the Dirac equation can be derived
from the relativistic Newton’s second law approximately,
in another hand, all particles, such as fermions, bosons
and classical particles satisfy the relativistic Newton’s
second law (it will be further clear later), thus it is a nat-
ural choice that only the relativistic Newton’s second law
is independent and necessary. Only one formalism is nec-
essary for any particle, this is just the particle invariance,
we arrive at the aim.
As mentioned above, the spin is one feature hidden in
the relativistic Newton’s second law, but more features
will turn out from the relativistic Newton’s second law
in the following sections.
3 Determining the Planck’s con-
stant
In this section we discuss how to determine the Planck’s
constant that emerges in the preceding section.
In 1900, M. Planck assumed that the energy of a har-
mornic oscilator can take on only discrete values which
are integral multiples of h, where  is the vibration fre-
quency and h is a fundamental constant, now either h or
h = h=2 is called as Planck’s constant. The Planck’s
constant next made its appearance in 1905, when Ein-
stein used it to explain the photoelectric eect, he as-
sumed that the energy in an electromagnetic wave of fre-
quency ! is in the form of discrete quanta (photons) each
of which has an energy h! in accordance with Planck’s
assumption. From then, it has been recognized that the
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Planck’s constant plays a key role in the quantum me-
chanics.
According to the previous section, no mater how to
move or when to move in the Minkowski’s space, the
motion of a particle is governed by a potential function
 as
muµ + qAµ = @µ (27)
For applying Eq.(27) to specic applications,without loss
of generality, we set  = −i , then Eq.(27) is rewritten
as
(muµ + qAµ) = −i@µ (28)
the coecient  is subject to the interpretation of  .
There are three mathematical properties of  worth
recording here. First, if there is a path li joining initial
point x0 to nal point x, then







Second, the integral of Eq.(29) is independent from the
choice of path. Third, the superposition principle is valid












(muµ + qAµ) = −i@µ (32)
where muµ is average momentum.
To gain further insight into physical meanings of this
equations, we shall discuss two applications.
3.1 Two slit experiment
As shown in FIG.2, suppose that the electron gun emits
a burst of electrons at x0 at time t = 0, the electrons
arrive at the point x on the screen at time t. There
are two paths for the electron to go to the destination,














where we use l1 and l2 to denote the paths a + b and
c + d respectively. Multiplying Eq.(33) by its complex
conjugate gives
W =  (x) (x)
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Figure 2: A diraction experiment in which electron
beam from the gun through the two slits to form a





















= 2 + 2 cos[
p

(l1 − l2)] (34)
where p is the momentum of the electron. We nd a typ-
ical interference pattern with constructive interference
when l1 − l2 is an integral multiple of =p, and destruc-
tive interference when it is a half integral multiple. This
kind of experiments has been done a long time age, no
mater what kind of particle, the comparison of the ex-
periments to Eq.(34) leads to two consequences: (1) the
complex function  is found to be probability amplitude,
i.e.,  (x) (x) expresses the probability of nding a par-
ticle at location x in the Minkowski’s space. (2)  is the
Planck’s constant.
3.2 The Aharonov-Bohm effect
Let us consider the modication of the two slit experi-
ment, as shown in FIG.3. Between the two slits there
is located a tiny solenoid S, designed so that a magnetic
eld perpendicular to the plane of the gure can be pro-
duced in its interior. No magnetic eld is allowed outside
the solenoid, and the walls of the solenoid are such that
no electron can penetrate to the interior. Like Eq.(33),












and the probability is given by
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W =  (x) (x)
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= 2 + 2 cos[
p

(l1 − l2) + q

] (36)
where l2 denotes the inverse path to the path l2,  is the
magnetic flux that passes through the surface between
the paths l1 and l2, and it is just the flux inside the
solenoid.
        Two Slits               Screen
Electron Gun
           a            b
     x0    c            S
                        d          x
Figure 3: A diraction experiment with adding a
solenoid.
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where n is an integer. When  takes the value of the
Planck’s constant, we know that this eect is just the
Aharonov-Bohm eect which was shown experimentally
in 1960.
4 The directions of forces
In this section we shall correct a mistake about the
Coulomb’s force and the gravitational force in physical
education, which cluttered the path from classical me-
chanics to quantum mechanics. We also shall discuss the
Maxwell’s equations in detail .
In the world, almost every young people was educated
to know that the Coulomb’s force and gravitational force
act along the line joining a couple of particles, but these
statements are incorrect in the relativity theory.
In relativity theory, the 4-vector velocity u of a par-
ticle has components uµ, the magnitude of the 4-vector
velocity u is given by
juj = puµuµ =
√
−c2 = ic (38)
The above equation is valid so that any force can never
change u in the magnitude but can change u in the direc-
tion. We therefore conclude that the Coulomb’s force and
gravitational force on a particle always act in the direc-
tion orthogonal to the 4-vector velocity of the particle in
the 4-dimensional space-time, rather than along the line
joining a couple of particles. Alternatively, any 4-vector











This simple inference clearly tells us that the forces
are not centripetal or centrifugal forces, even if in 3-
dimensional space, this character provides a internal rea-
son for accounting for the quantum behavior of particle
or chaos. Thus the derivations in the preceding section
become reasonable.
In present paper, Eq.(39) has been elevated to an es-
sential requirement for denition of force, which brings
out many new aspects for the Coulomb’s force and grav-
itational force.
4.1 The Coulomb’s force and Lorentz
force
We assume that the Coulomb’s law remains valid only for
two particles both at rest in 3-dimensional space. Sup-
pose there are two charged particle q and q0 locating at
positions x and x0 in the Cartesian coordinate system S
and moving at 4-vector velocities u and u0 respectively,
as shown in FIG.4, where we use X to denote x−x0. The
Coulomb’s force f acting on particle q is perpendicular
(orthogonal) to the velocity direction of q, as illustrated
in FIG.4, like a centripetal force, the force f should make
an attempt to rotate itself about its path center, the cen-
ter may locate at the front or back of the particle q0, so
the force f should lie in the plane of u0 and X , then
f = Au0 +BX (40)
Where A and B are unknown coecients, the possibility
of this expansion will be further clear in the next sub-
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section in where the expansion is not an assumption [see
Eq.(61)]. Using the relation f ? u, we get
u  f = A(u  u0) +B(u X) = 0 (41)
we rewrite Eq.(40) as
f =
A
u X [(u X)u
0 − (u  u0)X ] (42)
It follows from the direction of Eq.(42) that the unit vec-













[(u R)u0 − (u  u0)R]
= −[(û  R̂)û0 − (û  û0)R̂]
= −û0 cosh+ R̂ sinh (44)
jf̂ j = 1 (45)
Where  refers to the angle between u and R, R ? u0,
r = jRj, û = u=ic, û0 = u0=ic, R̂ = R=r. Suppose that
the magnitude of the force f has the classical form













[(u  R)u0 − (u  u0)R] (47)
This force is in the form of the Lorentz force for the
two particles, relating with the Ampere’s law and Biot-
Savart-Laplace law.
It is follows from Eq.(47) that the force can be rewrit-
ten in terms of 4-vector components as
fµ = qFµνuν (48)
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Figure 4: The Coulomb’s force acting on q is perpendic-
ular to the 4-vector velocity u of q, and lies in the plane
of u0 and X with the retardation with respect to q0.
4.2 The Lorentz gauge condition

















It is known as the Lorentz gauge condition.
4.3 The Maxwell’s equations
To note that R has three degrees of freedom on the con-
dition R ? u0, so we have







From Eq.(49), we have













= 0J 0ν (55)
where we dene J 0ν = q
0u0ν(R). From Eq.(49), by ex-
changing the Indices and taking the summation of them,
we have
@λFµν + @µFνλ + @νFλµ = 0 (56)
The Eq.(55) and (56) are known as the Maxwell’s equa-
tions. For continuous media, they are valid as well as.
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4.4 The Lienard-Wiechert potential
From the Maxwell’s equations, we know there is a re-
tardation time for action to propagate between the two
particles, the retardation eect is measured by
























Obviously, Eq.(58) is known as the Lienard-Wiechert
potential for a moving particle.
The above formalism clearly shows that the Maxwell’s
equations can be derived from the classical Coulomb’s
force and the perpendicular relation of force and veloc-
ity. In other words, the perpendicular relation is hidden
in the Maxwell’s equation. Specially, Eq.(42) directly
accounts for the geometrical meanings of curl of vector
potential, the curl contains the perpendicular relation.
Since the perpendicular relation of force and velocity is
one of consequences from the relativistic Newton’s sec-
ond law, it also is one of the features from the particle
invariance.
4.5 Gravitational force
The above formalism has a signicance on guiding how
to develope the gravity theory. In analogy with the mod-
ied Coulomb’s force of Eq.(47), we directly suggest a








[(u R)u0 − (u  u0)R] (59)
for a couple of particles with masses m and m0 respec-
tively.
Comparing with some incorrect statements about the
Coulomb’s force and gravitational force in most text-
books, the perpendicular (orthogonal) relation of force
and velocity was called direction adaptation nature of
force in the author’s previous paper[11].
4.6 The Magnet-like components of the
gravitational force
We emphasize that the perpendicular relation of force
and velocity must be valid if the gravitational force can
be dened as a force. It follows from Eq.(59) that we
can predict that there are gravitational radiation and
magnet-like components for the gravitational force. Par-
ticularly, the magnet-like components will act as a key
role in the geophysics and atmosphere physics.
If we have not any knowledge but know there exists the
classical universal gravitation f between two particles m
and m0, what form will take the 4-vector gravitational
force f ? Suppose that m0 is at rest at the origin, using





u  f − u  f
u4
= −u  f
u4
(60)
f = (f ; f4) = f + f4
u0
ic




















0  u)R− (u  R)u0] (61)
where R ? u0, R = (R; 0). If we rotate our frame of
reference to make m0 not to be at rest, Eq.(61) will still
valid because of covariance. Then we nd the 4-vector
gravitational force goes back to the form of Eq.(59), like
the Lorentz force, having the magnet-like components.
It is noted that the perpendicular relation of force and
velocity is valid for any force: strong, electromagnetic,
weak and gravitational interactions, therefore there are
many new aspects remaining for physics to explore.
5 Interactions between particles
Since quarks have never been observed, our speculation
leads us to propose a better model to organize known
data. For this challenging purpose, in the present pa-
per, we introduce a ctitious elementary particle, given
a name "Dollon" for our convenience, to resemble other
particles such as fermions, mesons or classical particles.
5.1 Basic force
Consider a Dollon moving in the Minkowski’s space
(x1; x2; x3; x4 = ict) with 4-vector velocity u = (u; u4),
then the motion of the particle Dollon satises the mag-
nitude formula of 4-vector velocity of particle
uµuµ = −c2 (62)
Dierentiating the above equation with respect to proper










where the result has been written in the two parts by
dening a 3-dimension spatial vector f . Dening a 4-
vector
f = (f ;−u  f
u4
) (64)
then from Eq.(62) we have readily
du
d
= f u  f = uµfµ = 0 (65)
It means that u and f are orthogonal with each other.
Consider two particles "Bob" and "Alice" located at x
and x0 in the 4-dimensional space respectively, they com-
posed of many Dollons, the number of Dollons in Alics
is M , and in Bob is m, when "Bob" and "Alice" move
with 4-vector velocities u and u0 respectively, following


















0  f 0
u04
(67)
Now we have a question: what is the interaction be-
tween Bob and Alice? Obviously, the form of Eq.(66)
seems to be the relativistic Newton second law for Bob,
f seems to be a 3-vector force, u  f seems to be the rate
at which the force does work on Bob. For seeking further
answer, we need to recall the Newton’s rst law of mo-
tion, the law remains valid in the relativistic theory and
reads
First Law: An object at rest will remain at rest and an
object in motion will continue to move in a straight line
at constant speed forever unless some net external force
acts to change this motion.
If the object is a composite system composed of many
Dollons, then we understand the First Law with two con-
sequences.
Consequence 1: Let S denote the number of Dollons
in a composite system, the velocity of the center of the







where u(i) is the 4-vector velocity of the ith Dollon. The
Fist Law only means that the center of the system re-
mains at rest or in motion, i.e., the rotation about its
center is allowed.
Consequence 2: The total number of Dollons in the sys-
tem must be unchanged, i.e., the conservation of Dollon
number, otherwise any creation or annihilation of Dollon
will lead to a shift of the center of the system.
Now we go back to consider the whole system com-
posed of Bob and Alics, without loss of generality, sup-
pose that the center is at rest at the origin of the frame
of reference, then the center has a 4-vector velocity
uc = (0; 0; 0; u4c), the "at rest" refers to being at rest
in 3-dimensional space. From Eq.(65), the quantity f
must be orthogonal with the 4-vector velocity u of Bob,
likewise for Alice, we have
Bob : u  f = uµfµ = 0 (69)
Alice : u0  f 0 = u0µf 0µ = 0 (70)
They set up a rule for the interaction between Bob and
Alice in the composite system. We specially choose to
study the interaction which happens at a such moment
that their positions are just joining by a 4-vector R, the
4-vector R is the position vector of Bob with respect with
Alice, R = x−x0, and R is orthogonal to u and u0 simul-
taneously.
Bob : u R = 0 (71)
Alice : u0 R = 0 (72)
Then from Eq.(69) and Eq.(70), we get
Bob : f / R (73)
Alice : f 0 / R (74)
For Bob, using notation R = (r; R4), r = jrj, multiplying






= mr f = 0 (75)
It means
r u = h = const: (76)
where h is an integral constant. Likewise for Alice. From

















According to the First Law, when Bob and Alice is sep-
arated by a innite distance, they can be seen as two
isolated particles, the interaction between them must

















where " is an integral constant. For the same reason like
b0,we nd that b1 must be zero. Now consider Eq.(76), it
means that Bob moves around Alice, when h ! 0, Bob
may access Alice as close as possible at perihelion point,
at the perihelion point we nd











For h preserves an constant when r ! 0, then we need
all coecients bi to be zero but except b2 in the above











where the subscript of b2 have been dropped. Likewise












where a is a coecient.
Dierentiating Eq.(68) with respect to time interval dt
gives the center velocity as











where we have used u4 = dx4=d = icdt=d , u04 =
icdt=d 0 , x4 = ict+ x4(0) and x04 = ict+ x
0
4(0). Substi-



































If K takes a negative constant, then, the above equations
show that Bob is attracted by Alice with the Newton’s
universal gravitation force. But we do not want to make
this conclusion at once, because there are still a few prob-
lems among them.
5.2 The Coulomb’s force
From the above subsection, now we can manifestly inter-
pret the quantity f to be the 4-vector force exerted on a
Dollon of Bob. It is a natural idea to think of that Dollon
has two kinds of charges: positive and negative. If Bob
and Alice are separated by a far distance, and f is the
force acting on a positive Dollon in Bob, then −f is the
force acting on a negative Dollon in Bob, it follows from
Eq.(63) that the motion of the ith Dollon is governed by
du(i)
d (i)









where d (i), u(i) and f (i) denote the proper time interval,
4-vector velocity and 4-vector force of the ith Dollon,
























where uc is the 4-vector velocity of the center of Bob,
uc4 denotes its 4th component, q denotes the net charges
of Bob, fc denotes the 4-vector force of a virtual Dollon
located at the center of Bob. Combining Eq.(90) and










Like that in the above subsection, the First Law must
be valid for the composite system of Bob and Alice, in
other words, when they are separated from a innite dis-
tance they are isolated, while when they go to nearest























where "; "0; b and a are coecients. Without loss of gen-
erality, we have

































where k is a constant. Then the motions of Bob and















The 4th components corresponding to the above equa-
tions express the energy change rates of Bob and Alice,
they are not independent equations, this explanation can
be found in the relativity theory.
The Eq.(98) and Eq.(99) are known as the Coulomb’s
forces.
5.3 Gravitational force
If Bob and Alice are two atoms with neutral net charges,
then the Coulomb’s force between them vanish o. But,
precisely, this is not true, the inspection of Eq.(91) tells
us that the net interaction between them still remains
when the atoms are considered as composite systems.
In this paper, planet, stone, molecule, atom and nu-
cleus are all regarded as the composite systems composed
of Dollon, the constituents of the composite systems move
about their centers. If Bob and Alice are two planets with
neutral net charges, then it is reasonable to assume that
the net force acting on Bob is proportional to the number









where g is a proportional coecient. Then the motion of










In analogy with the above subsections, we may obtain















The m and M has been identied or dened as the
masses by employing Dollon mass as a unit when we
count the Dollon numbers in Bob or Alice. The Eq.(102)
and Eq.(103) are known as the Newton’s universal grav-
itational forces. Why is the net force of Bob attractive
? This may be explained as that electrons with light
mass move always around massive nuclei, the attraction
is a little bigger than the repulsion between two atoms
separated by a far distance. In this formulation, the grav-
itational force possesses statistic meanings.
5.4 Nuclear force
Now consider that Bob and Alice are two nucleons com-
posed of Dollons. If Bob and Alice go closely in a
distance comparable with the sizes of them, then it is
clear that Eq.(91) turns to be inadequate, their polar-
ization can provide a strong interaction, while the ef-
fect of net charges between their centers becomes to be
trivial. Therefore, the strong nuclear force is charge-
independent, it only comes into play when the nucleons
are very close together, and it drops rapidly to zero for
larger distance, we know from experiments that the sen-
sitive distance is about 10−15m.







































But uc is not the relativistic velocity of the center of
Bob, the relativistic velocity of the center of Bob is de-
ned by using its center proper time, so that ucenter =
dxcenter=dcenter, we may establish their relation by in-




u(i) = muc = ucenter (108)
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In the following we drop the subscript "center" when

















u(i)  f (i)
[u(i)4 ]2
(110)
It is noted that the right side of Eq.(110) is the rate
at which the forces do works on Bob, then the quantity
−mu4 in the left side should be the energy, we dene
the energy by




where uc4 = ic=
√
1− v2=c2, v is the classical speed of
the center of Bob, mr is the relativistic mass, while m is
the rest mass. Eq.(111) has a little dierence from the
Einstein’s mass-energy relationship. Our energy formula
contains a factor  that represents the internal motion of
Dollons in Bob, obviously,   1, this can be seen clearly
from Eq.(108), in other words, even if the center is at
rest, the internal constituents can still have relativistic
energies.
In dealing with nuclear reaction, in many textbooks,
the mass defect is understood as the decrease in total
relativistic mass, even if all nuclei seem to be at rest
before or after the nuclear reaction. Further, it was said
that when the nucleus was formed the excess mass was
radiated away in the form of energy. It is a long time
we are puzzled by these statements. Now the reasons are
clear, no relativistic masses change but  changes in these
cases, in other words, the internal energy of particle has
changed.
Consider that a hadron possesses net charge q, we can
naturally image that the charge distributes in several
parts inside the hadron, assuming three parts, each part
has net charge denoted by Iq, Bq, and Sq respectively,
then
q = Iq +Bq + Sq (113)
Comparing with the Gell-Mann-Nishijima relation




we can understand the conservations of isospin I3, baryon
number B and strangeness number S with four remarks:
(1) the three parts inside the hadron are insulated from
one another, no charge transports from one to another.
(2) during collision of hadrons, only the identical parts
impact or touch each other, with exchanging the net
charges. (3) the mass of the hadron seems to depend
primarily on the masses of the parts inside the hadron,
weakly on the net charges of the parts. (4) if we assign the
quantum states of quarks u, s and d to the three parts,
the quark model seems to be improved in a manner that
we can avoid the fractional charges of the quarks.
5.5 Determining the 4-vector R
In the preceding subsections, we have mentioned that
the interaction between Bob and Alice we studied hap-
pens at such moment that their relative position in
the Minkowski’s space is denoted by a 4-vector R =
(R; R4) = (r; ic4t), R satises the orthogonal relation
u  R = u0  R = 0 (115)
The purpose of choosing this moment is to meet conve-
nience that R parallels to f and f 0 simultaneously, be-
cause
Bob : u  f = uµfµ = 0 (116)
Alice : u0  f 0 = u0µf 0µ = 0 (117)
See Eq.(69)-(74). Eq.(115) can be rewritten in the form
of inner product of two vectors as
juj  jRj cosh(u;R) = ju0j  jRj cosh(u0; R) = 0 (118)
This leads to a solution given by
jRj = 0 (119)
This again leads to two solutions given by
jrj = r = c4t r = −c4t (120)
The rst solution expresses that the force acting on Bob
is retarded by time 4t = r=c, the second one expresses
that the action is preceded. Our choice is the rst one
which gives an eect that follows the cause. We know,
this retarded time is just the time needed for the propa-
gation of interaction from Alice to Bob, the propagation
speed is c, no mater what kind of interaction.
6 The Minkowski’s space
In preceding sections, we have realized that the relativis-
tic Newton’s second law and forces can be derived from
the Newton’s rst law and the magnitude formula of 4-
vector velocity of particle. The formula is given by
uµuµ = −c2 (121)
12
in a Minkowski’s space. It is noted that all particles
satisfy the above equation, it then is regarded as the
origin of the particle invariance. We wonder, what is the
Minkowski’s space. In this section we shall discuss the
Minkowski’s space, for this purpose we need to establish
a standard method for describing the motion of particle
in space-time. Our construction follows ve steps.
6.1 First Step: In those lazy days
Suppose Alice is a pretty girl famous for his fast running
records, we state some his records here in a story (in
imagination).
(1) Jan., 1, 2001, 10:00 am, sportsground at BUAA,
Beijing.
In a time interval t = 10s Alice run a straight line
distance l1 = 100m at a constant speed v1 = 10m=s.
This data can be given in physical terms by
l1 = v1t (122)








1 − (v1t)2 = 0 (124)
where x and y denote the coordinate system xed at the
sportsground. By dening a imaginary quantity w1 =





1 = 0 (125)
We may appreciate the simplicity and beauty of its form.
It is also our favorite manner to mark the running pro-
cess in a graph with three mutually perpendicular axes
x; y and w = iv1t. The distance from the start point to
the nal point in this coordinate system equals to zero be-
cause of Eq.(125). This graph we call "20010101 Graph".
(2) Jan., 2, 2001, 10:00 am, sportsground at BUAA,
Beijing.
In a time interval t = 10s Alice run a straight line
distance l2 = 90m at a constant speed v2 = 9m=s. This





2 = 0 w2 = iv2t (126)
We directly mark today running process in yesterday
20010101 Graph, we are lazy to draw a new graph.
(3) Jan., 3, 2001, 10:00 am, sportsground at BUAA,
Beijing.
In a time interval t = 10sAlice run a straight line dis-
tance l3 = 95m at a constant speed v3 = 9:5m=s. We
also directly mark the running process in the 20010101
Graph.
Bob is also a good runner, in a time interval t = 10s
Bob run a straight line distance lb = 105m at a constant
speed vb = 10:5m=s. We also directly mark the running
process in the 20010101 Graph.
In fact, their running data all is marked in the
20010101 Graph.
6.2 Second Step: Establishing a tempo-
rary standard frame
In those lazy days, we only used the 20010101 Graph to
record the running data, it actually become a temporary
standard frame, all motions can be marked or calculated
in the Graph, it is much connivent for describing any
movement.
We note that w = iv1t, the w axis in the Graph had
involved the speed v1 created by Alice on Jan 1, 2001.
Thus we nd that the geometrical distance s2 from the
start point to the nal point in the Graph on the second







1 6= 0 w1 = iv1t (127)
It is clear after comparing with Eq.(126). So do for Bob,









= x2b + y
2
b − v21t2
= x2b + y
2
b − v2b t2 + v2bt2 − v21t2
= v2b t
2 − v21t2
= −v21t2(1− v2b=v21) (128)
x2b + y
2
b − v21t2 = −v21t2(1− v2b=v21) (129)


































where we have dropped the subscript b for indicating





w = −v21 (134)
The modied velocity of Bob in the 20010101Graph is
based on the Alice’s best speed record v1. In fact, Any
one, any body or any particle, their modied velocity in
the 20010101 Graph satises Eq.(134).
6.3 Third Step: Standard Graph based
on the light speed
For some reasons, it has become a habit for us to use the
20010101 Graph to mark the all motions of any body.
Some day, we nd Chris runs faster than Alice, then we
recognize that we need a permanent runner for establish-
ing a standard graph. Now we have to face a new task:
to look for a new hero.
It is said that the light, an element of the nature, is the
fastest runner, whenever and whereever its speed is 3
108m=s. We do not hesitate to use the light speed to re-
place Alice’s speed, and setup a new frame called "Stan-
dard Graph", the Standard Graph contains four mutually
perpendicular axes x, y, z and w = ict. From then, any
motions can be described in the Standard Graph with
the space-time (x; y; z; ict) or (x1; x2; x3; x4 = ict). In
analogy with Eq.(131)-(134), dening modied velocity
ux =
vx√















w = −c2 uµuµ = −c2 (137)
The Standard Graph is just the Minkowski’s space, the
4-vector velocity u = fuµg is known as the relativistic
velocity.
6.4 Fifth Step: Transformations
We immediately recognize that physics holds its valid-
ity only in the Standard Graph (involved with the light
speed), rather than in the 20010101 Graph (involved with
the Alice’s speed), this situation may be explained by the
facts that all physical quantities and their measurements
were dened on facilities whose principles were based on
the light directly or indirectly, for example, the "meter"
and "second" were dened on the light speed directly, the
fact is enough.
If we do not hope that one graph has advantage
over than another, then the transformations between the
Standard Graph and 20010101 Graph is given by




where the subscript 1 denotes in the 20010101 Graph.
It means we need to redene all physical quantities such
as rod and clock in the 20010101 Graph, do not use the
light.
7 Dynamics in the Hilbert space
A complete inner product space is called a Hilbert space.
Our experience in the preceding sections tells us that it
is an easy thing to put dynamics into the Hilbert space
if we have an invariant quantity. The formalism of the
interaction can be derived from some basic laws, it is
strongly based on concrete instances.
8 Conclusions
It is important to recognize that physics must be invari-
ant for the composite particles and their constituent par-
ticles, only one physical formalism exists for any particle,
this requirement is called particle invariance.
Under the particle invariance, it is rather remarkable
that the Klein-Gordon equation and the Dirac equation
can be derived from the relativistic Newton’s second law
on dierent conditions respectively, thus only one formal-
ism is necessary for particle, the relativistic Newton’s sec-
ond law is regarded as one which suitable for any kinds
of particles.
It is pointed out that the gravitational force and
Coulomb’s force on a particle always act in the direc-
tion perpendicular to the 4-vector velocity of the particle
in 4-dimensional space-time, rather than along the line
joining a couple of particles. This inference is obviously
supported from the fact that the magnitude of the 4-
vector velocity is kept constant. The Maxwell’s equations
can be derived from the classical Coulomb’s force and the
magnitude formula of 4-vector velocity of particle.
Our speculation on the quarks model leads to intro-
duce a new elementary particle called Dollon to resemble
particles such as baryons, mesons and other composite
particles, instead of quarks model, the Dollon model is
better in organizing known data, specially in modelling
interactions. It is found that the relativistic Newton’s
second law and various interactions can be derived from
the Newton’s rst law and the magnitude formula of 4-
vector velocity of particle.
The structure of the Minkowski’s space is discussed in
detail, it indicates that the magnitude formula of 4-vector
velocity of particle is only a geometrical distance formula,
so it is completely free from any particle property. Any
dynamics or dynamical characteristics originated from
the magnitude formula of 4-vector velocity of particle
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will completely preserve the particle invariance, i.e., the
dynamics do not distinguish particle species. Thus the
magnitude formula of 4-vector velocity of particle is re-
garded as the origin of the particle invariance.
Dynamics in the Hilbert space can be established in
the same way.
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